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1. Introduction 
Agricultural production is always directly associated with the use of agrochemicals to 
control the harmful organisms that attack the crops and reduce the harvest. In spite of their 
benefits, the use of agrochemicals usually causes great problems, considering that these 
often-toxic chemicals are used in large quantities over large areas, and generally persist in 
the environment for some time (Prime et al., 2005). 
As a consequence of agrochemical application, water quality and aquatic biodiversity have 
been compromised due to the destructuring of the physical and chemical environment and 
alteration of the natural dynamics of the biological communities (Goulart & Callisto, 2003). 
According to Biggs et al. (2007), it is highly important to regulate the use of an agrochemical 
and its action against non-target organisms in the aquatic environment. However, specific 
data on the occurrence and population dynamics of aquatic organisms in agricultural areas 
are very limited. 
Studies by Mesléard et al. (2005) indicate that the use of herbicides, insecticides, and 
fertilizers can modify the feeding pattern and alter the development of animal communities 
present in rice fields, especially the invertebrates. Because they are sedentary organisms and 
have relatively short life cycles (compared to fish), benthic macroinvertebrates are 
considered good indicators of water quality. Due to their short life cycles, they express more 
rapidly the changes in the environment through changes in structure of their populations 
and communities (Rosemberg & Resh, 1993). Because they also have great biological 
diversity, they tend to exhibit a greater variability of responses to different kinds of 
environmental impacts (Rosemberg & Resh, 1993). Another aspect refers to adaptive 
strategies to environmental instabilities of the environment, in general, resilience and 
persistence. A resilient biota can rapidly recolonize areas disturbed by flooding; and a 
persistent biota demonstrates a good capacity to resist disturbances (Winterbotton et al., 
1997). 
The use of herbicides can indirectly influence the zoobenthic community, since, as seen in 
experiments carried out by Moreby & Southway (1999), the use of selective herbicides 
against a species of weed is essential to conserve the invertebrates that feed on plants. The 
use of broad-spectrum herbicides risks negative effects on the food chain of these herbivores 
and thus causing an imbalance in the community.  
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The herbicide Quinclorac (3, 7 – dichloroquinoline -8-carboxylic acid) has a relatively high 
persistence in rice crops compared to other herbicides (Reimche et al., 2008). Marchezan et 
al. (2003) found Quinclorac in the water of rivers in central Rio Grande do Sul in 
considerable concentrations, sufficient to harm the local benthic community. 
Other products, that are widely used in irrigated rice fields in southern Brazil are the 
herbicides Bispyribac-sodium {sodium 2,6-bis-[(4,6-dimethoxypyrimidin-2-yl]benzoate} and 
a formulated  mixture  of the herbicides Imazethapyr and Imazapic [(RS)-5-ethyl-2-(4-
isopropyl-4-methyl-5-oxo-2-imidazolin-2yl) nicotinic acid and (RS)-2-(4-isopropyl-4-methyl-
5-oxo-2-imidazolin-2-yl)-5-methyl nicotinic acid]. However, there are no data available 
about their effect on the environment (MAPA, 2009). 
Considering that irrigated rice fields are large shallow lakes during the growing season, and 
tend to shelter a considerable aquatic fauna, studies in these areas can contribute 
considerably to elucidate the real impact of the agrochemicals used in this crop. The aim of 
this study was to investigate the impact of the use of commercial formulations of the 
mixture of the herbicides Imazethapyr + Imazapic (ONLY®), Bispyribac-sodium 
(NOMINEE 400SC), and Quinclorac (FACET PM) on the density and abundance of different 
groups of benthic organisms present in irrigated areas. The influence of agrochemicals on 
water quality as indicated by selected physical and chemical parameters, and the period of 
action of these agrochemicals on the community were evaluated.  
2. Material and methods 
The study was carried out in an experimental marshy area belonging to the Plant 
Technology Laboratory of the Federal University of Santa Maria, Rio Grande do Sul, Brazil, 
during the 2007/08 irrigated-rice growing season. The block was constituted by four plots 
(treatments) and each experimental unit measured 8 x 6 m, including refuge (48 m2). In these 
areas the following herbicides were used (treatments): TO – Imazethapyr (75.ha-1) + 
Imazapic (25.ha-1) (ONLY®); TB – Bispyribac-sodium(50.ha-1) (NOMINEE 400 SC); TQ – 
Quinclorac (375.ha-1) (FACET PM); and TC – Control. 
The experimental units were separated by embankments with irrigation and individual 
drainage. The rice seed IRGA 422 CL was sowed at a density of 130 kg per ha, in a direct 
system, using a sowing machine with rows separated by 0.17 m. The fertilizer was applied 
according to the soil analysis and recommendations (SOSBAI, 2005). The herbicides were 
applied on the dry soil, with rice in the three-to-four-leaf stage. 
The area was irrigated one day after the application of the post-emergent herbicides, and the 
water level was maintained at 0.10 m during the entire experiment. To avoid loss of water 
due to lateral infiltration, a wide guard embankment was constructed, keeping a canal with 
water between the plots and around the experiment, with the same hydraulic load as the 
plot. 
The benthic macroinvertebrates were collected with the help of a cylindrical PVC sampler, 
0.10 m in diameter (area 0.01 m2) and 0.10 m long. The collections were made 28 and 84 days 
after the entry of water into the plots; these dates correspond to the growing period and the 
pre-harvest (drying the area to begin the harvest). For each treatment and on each day, 12 
samples were collected. 
The sampling points, in each treatment, were chosen in a universe of 42 points that 
corresponded to one sample per m2 of the area cultivated. 
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After the collection, the material was suitably packed, labeled, and taken to the laboratory, 
where it was washed in 0.25 mm sieves and repacked in plastic bottles, adding Rose Bengal 
stain. After 20 minutes in the stain, the material was fixed with absolute ethyl alcohol. 
After fixing, the animals were sortted and identified to the lowest taxonomic level possible, 
using specialized references (Fernandez & Dominguez, 2001; Costa et al. 2006). For each 
sample, the population density of each taxonomic group was recorded. All the material was 
stored in the collection of the Carcinology Laboratory of UFSM. The species were separated 
into four trophic guilds: predator, detritivore, filter-collector or catcher-collector, and 
herbivore scraper or perforator. This classification was based on Merrit & Cummins (1996), 
Callisto and Esteves (1998), Marinoni (2001), and Silva et al. (2009a). 
The water was collected for analyses of the physical and chemical parameters on days 3, 7, 
14, 21, 28, 42, 56, and 84 after the plots were flooded, comprising the entire period of 
cultivation. In each sampling period, the following analyses were done: pH, with a Hanna 
pH meter (HI8424); total hardness, according to APHA (1992); and temperature and 
dissolved oxygen (YSI oximeter model Y5512). The turbidity was measured with a 
PoliControl turbidimeter. 
During the cultivation, samples of water were collected 1, 2, 3, 7, 14, 21, 28, 42, 56, 77, 84, and 
90 days after the plots were flooded; day 90 was the day of harvest. After each collection, the 
labeled samples were taken for chemical analysis in the Group of Research Analyses of 
Residues and Pesticides laboratories of UFSM. The concentrations of herbicides were 
determined by means of High Performance Liquid Chromatography, with detection by the 
arrangement of diodes (HPLC - DAD), using methanol and water as the mobile phase and a 
C-18 column, according to the method described by Zanella et al. (2002). 
The physical and chemical data were evaluated through a two-way ANOVA (time and 
treatment), and the means were compared by a t test (p<0.05). A PCA analysis was used to 
assess possible correlations between the physical and chemical parameters and the 
pesticides applied in the field. 
The density data for the main groups were submitted to a Shapiro-Wilk analysis, and after 
satisfying the criteria and/or were transformed for data standardization, they were 
submitted to a one-way ANOVA, and the means were compared by a t test (p<0.05). An 
ANOSIM was applied to assess if there was similarity in the macroinvertebrate community 
composition among the treatments and the sampling days. This test was also used to assess 
if there was similarity in the fauna composition of the trophic guilds among the treatments 
and the sampling days. The Bray-Curtis index was used to construct the similarity matrix. 
For these analyses, the programs PAST 1.82b (Hammer et al., 2001) and BioEstat 5.0 (Ayres 
et al., 2007) were used. To assess the period when the herbicides might affect the benthic 
community, a PRC (Principal Response Curve) was constructed, using the statistical 
program R (vegan package). 
3. Results 
3.1 Abiotic data 
The abiotic data were measured on specific dates, which covered the entire period of rice 
culture. The statistical analyses showed no differences among treatments, but there were 
differences among the sampling days (Table 1). The PCA showed no correlation among the 
parameters analyzed. The highest dissolved oxygen content was recorded on day 42, 
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11.90mg.L-1, in the treatment with Quinclorac. The pH remained between 6 and 7, during 
almost the entire experiment; although the variability was low, the differences among 
sampling days were significant (Table 1). 
The water temperature varied from 34.2°C on the first day of experiment to 17.7°C on the 
last one, in January and April, respectively. Hardness was highest on days 21 and 28, with  
 
 O2D (mg.L-1) 
 3 c 7 a 14 c 21 b 28 a 42 d 56 cd 84 a 
TO 6.90 3.50 5.43 4.50 4.10 11.40 7.40 3.90 
TB 6.50 3.60 7.27 6.00 2.90 11.10 7.30 3.40 
TQ 6.60 4.10 5.98 6.30 4.50 11.90 6.60 3.30 
TC 7.50 4.40 6.86 4.20 5.40 11.70 9.10 2.50 
 pH 
 3 cd 7 e 14 de 21 ab 28 c 42 bc 56 bc 84 a 
TO 6.81 7.30 7.08 6.83 6.73 6.60 6.40 6.37 
TB 6.74 6.90 7.17 6.81 6.62 6.52 6.74 6.15 
TQ 6.73 7.19 7.03 6.22 6.60 6.25 6.47 6.21 
TC 6.78 7.04 6.82 5.98 6.58 6.44 6.49 6.12 
 Water Temperature in ºC 
 3 f 7 e 14 c 21 b 28 c 42 d 56 d 84 a 
TO 34.20 26.67 22.38 20.23 22.13 23.77 23.60 17.80 
TB 33.53 26.57 22.42 20.23 22.10 23.57 23.33 17.80 
TQ 33.67 26.63 22.56 20.70 22.27 23.67 23.50 17.75 
TC 33.23 26.63 22.50 20.70 22.70 23.57 23.53 17.70 
 Hardness (mg.L-1 de CaCO3) 
 3 a 7 bc 14 ab 21 c 28 c 42nb 56 a 84 a 
TO 17.00 32.00 28.00 40.00 40.00 36.00 24.00 36.00 
TB 22.00 36.00 20.00 40.00 40.00 32.00 28.00 32.00 
TQ 26.00 32.00 24.00 40.00 36.00 32.00 20.00 24.00 
TC 22.00 24.00 24.00 36.00 32.00 36.00 20.00 24.00 
 Turbidity (NTU) 
 3 c 7 c 14 bc 21 ab 28 c 42 c 56 c 84 b 
TO 22.73 14.00 14.80 6.60 23.90 14.60 17.10 15.90 
TB 17.00 18.20 17.60 4.52 23.10 24.20 28.90 8.47 
TQ 18.77 17.50 18.40 4.86 18.50 17.00 15.40 6.19 
TC 22.40 15.20 12.80 3.92 11.10 9.45 10.00 6.22 
Table 1. Santa Maria, Brazil: Physical and chemical parameters analyzed in the irrigated rice 
field, on different days after flooding, during the 2007/08 growing season, in experimental 
plots in central Rio Grande do Sul. TO, treatment with the herbicide Only®; TB, treatment 
with the herbicide Bispyribac-sodium; TQ, treatment with the herbicide Quinclorac; TC, 
control treatment. Similar letters indicate statistical similarity. 
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40 mg. L -1, decreasing from day 42 on. Water turbidity ranged from 2.53 NTU on day 84 to 
28.90 NTU on day 56 (Table 1). 
3.2 Agrochemical persistence 
Quinclorac showed the highest persistence (Table 2), and was detected until 84 days after the 
plots were flooded. On this date, however, its concentration was low and it was not detected 
on day 90, the day of harvest (on this day, the water sample was collected in the refuge). The 
herbicide Only® showed the lowest persistence, and was detected until day 21 (Table 2). 
 
Pesticides Concentration  µg. L-1 
Treatments/ 
Days 
0 1st 2 nd 3 rd 7 th 14th 21st 28th 42nd 56th 77th 84th 90th 
TO 12.9 22.2 16.0 11.7 7.1 3.7 2.4 - - - - - - 
TB 8.7 20.8 12.9 10.5 8.9 4.3 1.8 1.2 0.3 0.2 - - - 
TQ 138.8 296.7 173.3 107.6 47.0 39.2 38.0 28.2 20.6 9.8 4.9 3.8 - 
Table 2. Santa Maria, Brazil: Mean concentrations of agrochemicals in irrigated rice plots  
during the 2007/08 growing season. TO, treatment with the herbicide Only®; TB, treatment 
with the herbicide Bispyribac-sodium; TQ, treatment with the herbicide Quinclorac. Day 0, 
flooding of the experimental plots, and then successive dates. 
3.3 Benthic macroinvertebrates 
A total of 3763 animals were identified, 1799 in the first collection (day 28) and 1964 in the 
second one (day 84). All the taxa identified in the first collection were present in the second. 
In the latter, some taxa were identified that were not present in the first collection (Table 3). 
In both collections the control treatment (TC) showed the highest density of organisms (no. 
ind. m-2), followed by TO, TB, and TQ (Table 4). However, regarding the abundance of taxa 
recorded in the second collection, the treatment with the most abundance was TO. 
In relation to fauna composition (abundance and diversity), in the first collection the 
ANOSIM indicated a similarity in the community composition only between TC and TB and 
between TB and TO. In the second collection, all the treatments diffed among themselves 
and also differed from the first collection. 
The ANOSIM, used to assess if there was similarity in the fauna composition (abundance 
and diversity) in each trophic guild when comparing the treatments, showed that some 
were similar. The treatment showing the highest differences was TQ. The data for the day 28 
collection are given in Figure 1A, and the data from day 84 in Figure 1B. The results for each 
guild in the treatments also differed between collections; i.e., the guilds in TC in the first 
treatment showed a different community composition in the second, and the same occurred 
for TO, TB, and TQ. 
The PRC showed that, in general, all the herbicides caused an initial stress on the benthic 
community, and this stress decreased with time. At the end of the cultivation, the 
community was structured again, except the community that received TQ which continued 
to be affected by this herbicide until the end of the cultivation. 
4. Discussion 
The results showed that the pesticides did not significantly alter the abiotic factors of the 
water used in the experiment, considering that there were no significant differences among 
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treatments, in the same collection. These results differ from those obtained by Faria et al. 
(2007), who reported that localities with high rates of contamination by pesticides and heavy 
metals, showed pH and O2 values different from contamination-free areas or areas with low 
contamination, and attributed this difference to the presence of chemicals in the 
environment. Similarly, Schulz & Liess (1999), in a study of streams that supply water for 
the field, separated into low, medium, and high impact, also attributed to pesticides the 
differences found in the water quality. The influence of pesticides in reducing water quality 
was also reported by Molozzi et al. (2006), who evaluated irrigation and drainage water 
from rice fields. 
In areas of rice cultivation, the oxygen concentration tends to be low, because the water 
depth is between 5 and 15 cm. In experiments carried out in the same area of the present 
study, in previous years the oxygen concentration was 0.6 to 2.2 mg. L-1 (Golombieski et al., 
2008) and between 2.4 – 4.6 mg.L-1 (Reimche et al., 2008). In this experiment, the variation in 
the level of oxygen was 2.4 – 11.9 mg.L-1, and most days it was higher than 6 mg. L-1, a high 
level for the area. This may have favored an increase in the abundance obtained in the last 
collection, since some taxa are sensitive to low levels of dissolved oxygen. 
The values of hardness and alkalinity were higher than in the present study compared to 
data from Golombieski et al. (2008) and from Reimche et al. (2008). A difference in the 
dissociation of ions of the compounds used in the experiments could explain this disparity. 
A factor that may also explain these results is that during the rice cultivation the 
temperature was decreasing, and the highest temperature occurred at the beginning of the 
study in January 2008, and the lowest temperatures in the last collection, in April. In the 
above-cited studies, the temperatures were lower than those recorded in this study, 16.4-23.9 
°C (Reimche et al., 2008) and 17.6-25.7°C (Golombieski et al., 2008). 
Another factor to consider is the relatively low persistence of the compounds used in this 
study. All the herbicides except Quinclorac showed lower persistence than found in some 
studies (USEPA, 1996; Stevens et al., 1998; Mesléard et al., 2005; Mize et al., 2008; Reimche et 
al., 2008). However, Quinclorac was at least 2.5 times more persistent than observed by 
Reimche et al. (2008). 
An evaluation of the persistence of pesticides in water of rivers in the region found that the 
compounds forming the commercial formulation Only (Imazapic + Imazethapyr) were 
present in all the sampling periods (Silva et al., 2009b). These data differ from those obtained 
in this study, where the herbicide Only® was measurable until day 21. These results are 
similar to those found in the water of rivers in the region of Pelotas, Rio Grande do Sul, in a 
study carried out in 2007, where Quinclorac also persisted during the entire period of rice 
cultivation (Grutzmacher et al., 2008). It is possible that these differences in persistence are 
due to the management of the rice field. It may be advisable to maintain water in the field as 
long as possible (Marchesan et al., 2005; Grutzmacher et al., 2008). It is important to note 
that the studies cited here assessed the persistence of pesticides in the field water. If this 
persistence were analyzed in the sediment, the values might be different. 
During the period of cultivation, the absolute abundance and diversity of the aquatic 
community tended to increase. Similar increases were found by other researchers (Schulz 
and Liess, 1999; Suhling et al., 2000). The most coherent explanation for this is that, as time 
passes, the pesticides become diluted and dissipate, thus decreasing their toxicity to the 
aquatic organisms (Schulz & Liess, 1999). However, Molozzi et al. (2007) did was not record 
temporal differences in the benthic community in relation to the stages of the rice seedling. 
www.intechopen.com
The Impact of Herbicides on Benthic Organisms in Flooded Rice Fields in Southern Brazil  
 
375 
The benthic macroinvertebrate community is composed of many taxa, among which one of 
the most studied is the insect family Chironomidae. Some genera of this family are 
considered plagues in rice fields, and because of this pesticides have been developed to 
minimize their effects. In the present study, all the herbicides tested, although they do not 
target these organisms, negatively affected the chironomid population. This influence was 
perceptible for the herbicide Only® in the first collection and Bispyribac-sodium in the 
second, and for Quinclorac in both. This influence was also evident in other taxa of the 
benthic community, mainly in the first collection when the agrochemicals were present in 
higher concentrations in the water. 
The coleopterans Curculionidae, Dytiscidae, and Hydrophilidae, the dipterans 
Ceratopogonidae and Chironomidae, the hemipteran Corixidae, the odonate Aeshnidae, the 
trichopteran Odontoceridae, as well as the Collembola, Ostracoda, Annelidae, Nematoda, 
and the mollusc Ampullaridae could be classified as persistent. Only the mollusc family 
Planorbidae were classified as resilient. The other taxa must be considered occasional, since 
they either were not collected in TC or were collected only in the second sampling. 
Quinclorac showed a different dynamic than that studied in the laboratory by Crosby (2003), 
where it showed low persistence. In the study by Reimche et al. (2008), this pesticide was 
detected until the 31st day, with its highest concentration observed on the 7th day with  
102 µg.L-1. In the present study, its persistence was higher than the other pesticides 
investigated, being detected until day 84 in a concentration of 3.8 µg.L-1 concentration. Its 
highest value was on the first day, with 296.7 µg.L-1. The negative influence of this pesticide 
was perceptible in this study, since in both collections the treated plot had the lowest 
abundance and diversity of taxa compared to the other treatments. This possible influence 
was also recorded by Reimche et al. (2008), where the cladoceran assemblage showed a 
density variation caused by the stress of the application of this herbicide. 
The use of pesticides reduces the availability of food for the benthic macroinvertebrates and 
changes the structure of the algae community, and the toxic effect on these food resources 
may also be associated with this (Gagneten, 2002). Some studies have suggested the 
possibility that the toxic agents to non-target organisms, in the case of herbicides, are the 
adjuvants and the surfactants used in the commercial formulation of each pesticide (Tatum 
2004; Kitulagodage et al., 2007). However, more studies taking these compounds into 
consideration separately are necessary. 
In relation to the community composition, it was clear that the pesticides cause alterations in 
their composition. This effect was most apparent over the long term, even with the 
community recovery. According to Berezen et al. (2005), this potential relationship between 
contamination by pesticides and the community structure is based mainly on physiological 
differences that affect the life cycle and the species’ mobility. Therefore, each pesticide has a 
different effect on the organisms. 
In studies in rice fields in France, no significant difference was found between a conventional 
area of cultivation and an organic one for the family Chironomidae (Mesléard et al., 2005). This 
may have occurred due to a decrease of predators of this group. A decrease in the numbers of 
predators was also observed in the present study, and may have been responsible for the 
alterations recorded in the proportions among the trophic guilds analyzed. This may have 
made possible an increase in the density of detritivores, for instance. 
The guild most injured by pesticides was the scrapers, which play an important role in this 
ecosystem since they feed on algae, bacteria, fungi and dead organic matter adsorbed on the 
substrate surface (Merrit & Cummins, 1996). This result is probably due to the action of the 
herbicides on the algae, which serve as food for these animals. Detritivores, which start their 
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feeding process after the action of microorganisms that make this food more palatable 
(Cummins et al., 1989), were recorded in low densities in the first collection; however, at the 
end of the culture their densities increased. Detritivores remained in low densities even at 
the end of the culture only in the TQ-treated plot, probably because of the effect of this 
chemical on the microorganisms needed to increase the palatability of the food. 
The data from this study, carried out in area of rice cultivation, reinforce the role of 
bioindicators performed by the benthic macroinvertebrates. In addition, as observed here, 
abiotic and biotic data not always give similar results when environmental matters are 
investigated. However, the combination of these two parameters of analyses can generate 
more substantial information on environmental impacts. 
 
Taxa Trophic guild Sampling TC TO TB TQ 
Artropoda       
Insecta       
Coleoptera       
28 X X X X 
Curculionidae HR 
84 X X - - 
28 X X X - 
Ditiscidae P 
84 X X -  
28 X X - X 
Hidrophilidae P 
84   X - 
28 - - - - 
Psephenidae HR 
84 - - X - 
Diptera       
28 X X X X 
Ceratopogonidae CF/ CC/ P 
84 X X X X 
28 X X X X 
Chironomidae CF/ CC/ P 
84 X X X X 
28  -   
Tabanidae P 
84 - X - X 
28 - - - - 
Tipulidae P/ D 
84 - - X - 
Ephemeroptera       
28 - - - - 
Baetidae CF/ CC 
84 - - - X 
28 - - - - 
Caenidae CF/ CC 
84 X - - - 
28 - - - - 
Leptophlebiidae CF/ CJ 
84 - - X - 
28 - - - - 
Leptohyphidae CF/ CC 
84 - X X - 
Hemiptera       
28 - - - - 
Belostomatidae P 
84 X - - - 
28 - - - - 
Corixidae HR 
84 X X - - 
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28 - - - - 
Pentatomidae P 
84 - X - - 
Odonata       
28 X - - X 
Aeshnidae P 
84 X - X X 
28 - - - - 
Coenagrionidae P 
84 X X - - 
28 - - X - 
Lestidae P 
84 - - X - 
28 - - - - 
Libellulidae P 
84 X - - - 
28 - - - - 
Perilestidae P 
84 - X - - 
Plecoptera       
28 - - - - 
Perlidae P 
84 - X - - 
Trichoptera       
28 X X X - 
Odontoceridae D 
84 X X X - 
28 X X X X 
Collembola D 
84 X X X X 
Crustacea       
28 X X X X 
Ostracoda D 
84 X X X - 
Arachnidae       
28 - - - - 
Aranae P 
84 - X - - 
28 X - - - 
Hidracarina P 
84 - X - - 
Annelida       
28 X X X - 
Hirudinea P 
84 X X X X 
28 X X X X 
Oligochaeta D 
84 X X X X 
28 X X X X 
Nematoda P 
84 X X X X 
Mollusca       
28 X X X X 
Ampullaridae HR 
84 X X X X 
28 X - - X 
Planorbidae HR 
84 X X X X 
Table 3. Santa Maria, Brazil, 2007/08 growing season: Abundance of taxa identified in the 
area of irrigated rice cultivation with different treatments. HR: herbivore scraper, P: 
predator, CC: collector catcher, CF: filter collector, D: detritivore, TC: control treatment, TO: 
treatment with Only®, TB: treatment with Bispyribac-sodium, TQ: treatment with 
Quinclorac. “X” indicates the presence of a taxon in the plot, and “-” indicates its absence. 
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Fig. 1. Santa Maria, Brazil, 2007/08 growing season: Differences in the faunal composition in 
each trophic guild, evaluated by ANOSIM (p<0.05). Different letters indicate a statistical 
difference. A: collection 28 days after the experiment al plots were flooded, B: collection 84 
days after flooding. TC: control treatment, TO: treatment with the herbicide Only®, TB: 
treatment with the herbicide Bispyribac-sodium, TQ: treatment with the herbicide 
Quinclorac. 
www.intechopen.com
The Impact of Herbicides on Benthic Organisms in Flooded Rice Fields in Southern Brazil  
 
379 
 Org. average density.m-2 
Abundance of the taxa 
collected 
 28ºd 84ºd 28ºd 84ºd 
TC 147.81 157.24 15 18 
TO 126.54 134.87 12 21 
TB 100.66 86.84 12 17 
TQ 18.42 43.20 11 11 
Table 4. Santa Maria, Brazil, 2007/08 growing season: mean densities (no. ind.m-2) and 
abundances of taxa identified in the experimental plots, by treatment. 
5. Acknowledgments  
To CNPq proc. n° 552546/2007-0 and Pró-Publicações  Internacionais  / PRPGP  / UFSM by 
financial support. To Dr. Renato Zanella by the persistence analyses and to our colleagues 
for their help in the field works. 
6. References 
APHA (American Public Health Association). 1992. Standard methods for examination of 
water and wastewater.   18.ed. Sprinfield: Bru-El Graphic, 1155p.  
Ayres, M.; Ayres Jr., M. Ayres, D. L. & Santos, A. S.  BioEstat 5.0. 2007. Aplicações 
estatísticas nas áreas das ciências biológicas e médicas. Sociedade Civil Mamirauá 
(MCT).  Imprensa Oficial do Estado do Pará. 
Berenzen, N., Kumke,T., Schulz, H., Schulz, R. 2005. Macroinvertebrate community 
structure in agricultural streams: impact of runoff-related pesticide contamination. 
Ecotoxicology and Environmental Safety, 60: 37-46. 
Biggs, J.; Williams, P.; Whitfield, M.; Nicolet, P.; Brown, C.; Hollis, J.; Arnold, D.; Pepper, T. 
2007. The freshwater biota of British agricultural landscapes and their sensitivity to 
pesticides. Agriculture, Ecosystems and Environment. 122: 137-148. 
Callisto, M. & Esteves, F. A. 1998. Categorização funcional dos macroinvertebrados 
bentônicos em quatro ecossistemas lóticos sob influência das atividades de uma 
mineração de bauxita na Amazônia Central (Brasil).  Oecologia Brasiliensis, 5(5): 
223-234. 
Costa, C.; Ide, S.; Simonka, C. C. 2006. Insetos imaturos. Metamorfose e Identificação. 
Ribeirão Preto: Holus. 249p. 
Crosby, D.R. 2003.  Environmental fate of pesticides-87. Capturado em 10 mar. Online.  
Disponível na internet http://www.syix.com/rrb/87rpt/Enviro.htm. 
www.intechopen.com
 Herbicides and Environment 
 
380 
Cummins, K.W., Wilzbach, M.A., Gates, D.M., Perry, J.B., Taliaferro, W.B. 1989. Shredders 
and riparian vegetation. Leaf litter that falls into streams influences communities of 
stream invertebrates. BioScience, 39 (1): 24-30. 
Faria, M. F., Nogueira, A. J. A., Soares, A. M. V. M. 2007. The use of Chironomus riparius 
larvae to assess effects of pesticides from rice fields in adjacent freshwater 
ecosystems. Ecotoxicology and Environmental Safety, 67: 218-226. 
Fernández, H. R. & Domínguez, E. 2001.  Guia para La determinación de los artrópodos 
bentónicos Sudamericanos. Tucumán: Imprenta Central de la UNT, Argentina, 
289p. 
Gagneten, A.M. 2002. Efectos del herbicida paraquat sobre el zooplancton.   Iheringia, 92: 47-
56. 
Golombieski, J. I.; Marchesan, E.; Baumart, J. S.; Reimche, G. B.; Resgalla , C. Jr.; Storck, L.; 
Santos, S. 2008. Cladocers, Copepods and Rotifers in rice-fish culture handled with 
metsulfuron-methyl and azimsulfuron herbicides and carbofuran insecticide. 
Ciência Rural, 38(8): 2097-2102. 
Goulart, M. & Callisto, M. 2003. Bioindicadores de qualidade de água como ferramenta em 
estudos de impacto ambiental. Revista da FAPAM, 2(1). 
Grützmacher, D. D.; Grützmacher, A. D.; Agostinetto, D.; Loeck, A. E.; Roman, R.; Peixoto, 
S. C.; Zanella, R. 2008. Monitoramento de agrotóxicos em dois mananciais hídricos 
no sul do Brasil. Revista Brasileira de Engenharia Agrícola e Ambiental, 12(6): 632-
637.  
Hammer, Ø; Harper, D. A. T., Ryan, P. D. PAST 1.82b. 2001. Past: Paleontological Statistics 
Software package for education and data analysis. Paleontologia Electronica, 4(1): 
9pp. 
Kitulagodage, M.; Astheimer, L.B.; Buttermer, W. A. 2007. Diacetonealcohol, a dispersant 
solvent, contributes to acute toxicity of a fipronil – based insecticide in a passerine 
bird. Ecotoxicology and Environmental Safety, 71: 597-600. 
MAPA- Ministério da agricultura Pecuária e Abastecimento. Acessado em dezembro de 
2009. http://www.agricultura.gov.br/ 
Marchesan, E.; Zanella, R.; Avila, L. A. de; Camargo, E. R.; Machado, S. L. de O.; Macedo, V. 
R. M. 2003. Rice herbicide monitoring in two brazilian rivers during the rice 
growing season. Scientia Agricola, 64 (2): 131-137. 
Marchesan, E.; Santos, F. M. dos; Camargo, E. R.; Machado, S. L. de O.; Zanella, R.; Ávila, L. 
A. de; Gonçalves, F. F.; Primel, E. G.; Macedo, V. R. M. 2005. Monitoramento em 
rios e persistência de herbicidas em arroz irrigado. Santa Maria: UFSM, 8p. Informe 
Técnico, 05. 
Marinoni, R. C. 2001. Os grupos tróficos em Coleóptera. Revista Brasileira de Zoologia, 
18(1): 205-224. 
Merritt, R. W. & Cummins, K. W. 1996. In: ____. An Introduction to the Aquatic Insects of 
North America. 3 ed., Dubuque, Kendall/Hunt, 758 p. 
Mesléard, F.; Garnero, S.; Beck, N.; Rosecchi, É. 2005. Uselessness and indirect effects of an 
insecticide on rice field invertebrates. Comptes Rendus Biologies, 328: 955-962. 
www.intechopen.com
The Impact of Herbicides on Benthic Organisms in Flooded Rice Fields in Southern Brazil  
 
381 
Mize, S. V.; Porter, S. D.; Demcheck, D. K. 2008. Influence of fipronil compounds and rice-
cultivation land-use intensity on macroinvertebrate communities in streams of 
southwestern Louisiana, USA. Environmental Pollution, 152: 491-503. 
Molozzi, J.; Pinheiro, A.; Silva, M. R. 2006. Qualidade da água em diferentes estádios de 
desenvolvimento do arroz irrigado. Pesquisa Agropecuária Brasileira, 41(9):1393-
1398. 
Molozzi, J.; Hepp, L. U.; Dias, A. da S. 2007. Influence of rice crop on the benthic community 
in Itajaí Valley (Santa Catarina, Brazil). Acta Limnologica Brasiliensia, 19(4): 383-
392. 
Moreby, S.J. & Southway, S. E. 1999. Influence of autumn applied herbicides on summer and 
autumn food available to birds in winter wheat fields in southern England. 
Agriculture, Ecosystems and Environment, 72: 285-297. 
Primel, E.G.; Zanella, R.; Kurz, M.H.S.; Gonçalves, F.F.; Machado, S.de O.; Marchezan, E. 
2005. Poluição das águas por herbicidas utilizados no cultivo do arroz irrigado na 
região central do estado do rio grande do sul, Brasil: predição teórica e 
monitoramento. Química Nova, 28(4): 605-609. 
Reimche, G. B.; Machado, S. L. de O.; Golombieski, J. I.; Baumart, J. S.; Braun, N.; Marchesan, 
E.; Zanella, R. 2008. Persistência na água e influência de herbicidas utilizados na 
lavoura arrozeira sobre a comunidade zooplanctônica de Cladocera, Copepoda e 
Rotifera. Ciência Rural, 38(1): 7-13. 
Rosenberg, D. M. & Resh, V.H. 1993. Introduction to freshwater biomonitoring and benthic 
macroinvertebrates. In: ____. Freshwater biomonitoring and benthic 
macroinvertebrates. Chapman and Hall, New York, pp. 1-9. 
Schulz, R. & Liess, M. 1999. A field study of the effects of agriculturally derived 
insecticide input on stream macroinvertebrate dynamics. Aquatic Toxicology, 46: 
155-176. 
Silva, F. L. da; Pauleto, G. M.; Talamoni, J. L. B.; Ruiz, S. S. 2009a. Categorização funcional 
trófica das comunidades de macroinvertebrados de dois reservatórios na região 
Centro – Oeste do Estado de São Paulo, Brasil. Acta Scientiarum Biological 
Sciences, 31(1): 73-78.  
Silva, D. R. O.; Avila, L. A. de; Agostinetto, D.; Dal  Magro, T.; Oliveira, E. de; Zanella, R.; 
Noldin, J. A. 2009b. Monitoramento de agrotóxicos em águas superficiais de regiões 
orizícolas no sul do Brasil. Ciência Rural, 39(9): 2383-2389.  
SOSBAI - Sociedade Sul-Brasileira De Arroz Irrigado. 2005. Arroz Irrigado: recomendações 
técnicas da pesquisa para o Sul do Brasil. Santa Maria, RS, 159p. 
Stevens, M. M.; Helliwell, S.; Warren, G. N. 1998. Fipronil seed treatments for the control of 
chironomid larvae (Diptera:Chironomidae) in aerially-sown rice crops. Field Crops 
Research, 57: 195- 207. 
Suhling, F., Befeld S., Hausler, M., Katzur, K., Lepkojus, S., Mesléard, F. 2000. Effects of 
insecticide applications on macroinvertebrate density and biomass in rice-fields in 
the Rhone delta, France. Hydrobiologia, 431: 69–79. 
Tatum, V L. 2004.  Toxicity, transport, and fate of forest herbicides. Wildlife Society Bulletin, 
32(4):1042-1048. 
www.intechopen.com
 Herbicides and Environment 
 
382 
US Environmental Protection Agency. 1996. New Pesticide Fact Sheet, PB- 96-181516. 
USEPA Office of Prevention, Pesticides, and Toxic Substances. EPA737-F-96-005. 
Winterbotton, J.H.; Orton, S. E.; Hildrew, G.; Lancaster, J. 1997. Field experiments on flow 
refuge in streams. Freshwater Ecology, 37: 569-580. 
Zanella, R.; Primel, E. G.; Machado, S. L. O.; Gonçalves, F. F.; Marchezan, E. 2002. 
Monitoring of the herbicide clomazone in environmental water samples by solid-
phase extraction and high-performance liquid chromatography with ultraviolet 
detection. Chromatographia, 55(9/10): 573-577. 
www.intechopen.com
Herbicides and Environment
Edited by Dr Andreas Kortekamp
ISBN 978-953-307-476-4
Hard cover, 746 pages
Publisher InTech
Published online 08, January, 2011
Published in print edition January, 2011
InTech Europe
University Campus STeP Ri 
Slavka Krautzeka 83/A 
51000 Rijeka, Croatia 
Phone: +385 (51) 770 447 
Fax: +385 (51) 686 166
www.intechopen.com
InTech China
Unit 405, Office Block, Hotel Equatorial Shanghai 
No.65, Yan An Road (West), Shanghai, 200040, China 
Phone: +86-21-62489820 
Fax: +86-21-62489821
Herbicides are much more than just weed killers. They may exhibit beneficial or adverse effects on other
organisms. Given their toxicological, environmental but also agricultural relevance, herbicides are an
interesting field of activity not only for scientists working in the field of agriculture. It seems that the
investigation of herbicide-induced effects on weeds, crop plants, ecosystems, microorganisms, and higher
organism requires a multidisciplinary approach. Some important aspects regarding the multisided impacts of
herbicides on the living world are highlighted in this book. I am sure that the readers will find a lot of helpful
information, even if they are only slightly interested in the topic.
How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Joele Baumart and Sandro Santos (2011). The Impact of Herbicides on Benthic Organisms in Flooded
Ricefields in Southern Brazil, Herbicides and Environment, Dr Andreas Kortekamp (Ed.), ISBN: 978-953-307-
476-4, InTech, Available from: http://www.intechopen.com/books/herbicides-and-environment/the-impact-of-
herbicides-on-benthic-organisms-in-flooded-ricefields-in-southern-brazil
© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and
derivative works building on this content are distributed under the same
license.
